10/568191 

iig81l#$fSfro 18 FEB 2006 

MOUNTING STRUCTURE OF ON-VEHICLE CIRCUIT UNIT AND 
ON-VEHICLE CIRCUIT UNIT 

FIELD OF THE INVENTION 

The present invention relates to an on vehicle circuit unit for use in a 
power distributor for distributing electric power from a power supply 
installed in a vehicle to on-vehicle devices, or the like, and to a mounting 
structure for the on-vehicle circuit unit. 



BACKGROUND ART 

Conventionally, circuit units comprising a power distribution circuit 
configured by stacking a plurality of bus bar boards, and having fuses and 
relay switches assembled thereon have generally been known as a means for 
distributing electric power from a common on-vehicle power supply to each 
on-vehicle device. In order to achieve reduction in size of the circuit unit, it 
has been proposed to bond a bus bar with a control circuit member, or use 
semiconductor switching elements such as FETs in place of relays. 

However, such a circuit unit is likely to generate heat due to a 
relatively large current flowing in the bus bars. More particularly, in view 
of large amounts of heat generated in the switching elements such as FETs 
or relay switches, it becomes a significant problem how such large amounts 
of heat are effectively radiated. 

As a solution to this problem, Japanese Unexamined Patent 
Publication No. Hei. 5-343871 discloses in Fig. 1 and Fig. 2, a control box 
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provided with a circuit pattern including electric parts and electronic parts 
and arranged on a heat radiating board. The heat radiating board has the 
shape of a flat plate. Mounting bores are provided at an edge of one side of 
the heat radiating board and a bolt is inserted into each mounting bore for 
fixing the heat radiating board to the vehicle body so that the control box is 
mounted on the vehicle body in a state that substantially the entire area of 
an outer surface of the heat radiating board is in contact with the vehicle 
body. 

SUMMARY OF THE INVENTION 

The control box disclosed in the above patent publication is so 
designed to have the entire heat radiating board formed of a flat plate and to 
basically have the entire area of the outer surface of the heat radiating board 
be in contact with a vehicle body. However, in reality, due to unevenness 
(projections and depressions), warp, flexures and the like existing on the 
outer surface of the heat radiating board, minute clearances are likely to be 
scattered between the outer surface of the heat radiating board and the body 
surface. Such minute clearances retain water which may cause problems 
such as, it may cause rust. Particularly, the outer surface of the heat 
radiating board is likely to slightly float from the body at a position spaced 
from a position at which the heat radiating board is directly fixed to the body 
by means of a bolt. Impacts caused by repetitive abutment of this portion 
against the body surface following vibrations of the vehicle may have 
negative effects on the normal operation of the circuit and may cause noise. 
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In order to solve such problems caused by vibrations, a configuration 
may be considered that bolt insertion bores are evenly provided along the 
entire periphery of the heat radiating board and the entire periphery is 
directly fixed on the body by means of bolts. However, even with such a 
configuration, it cannot be expected to effectively reduce the minute 
clearances. Furthermore, the space required in order to mount the control 
box in a vehicle body is limited so that, for example, in the case of mounting 
the control box in a narrow engine room, it is actually a difficult operation to 
fix the entire periphery of the heat radiating board to a side wall of the body. 

In view of the foregoing problems, an object of the present invention 
is to provide a mounting structure of an on-vehicle circuit unit having good 
cooling performance of a heat radiating member with the minute clearances 
between a heat radiating member and a body being effectively reduced while 
the occurrence of impact and noise caused by vibrations of a vehicle are 
avoided. 

In order to attain the object, in a structure for mounting an 
on-vehicle circuit unit to a vehicle, the on- vehicle circuit unit comprises a 
circuit board having a power circuit, and a heat radiating member having an 
inner surface to which the circuit board is fixed in a state of conducting heat 
thereto, and an outer surface functioning as a heat radiating surface, 
wherein the on-vehicle circuit unit is attached to a body of a vehicle in such a 
state that the heat radiating member faces the vehicle body with a clearance. 

Such a configuration differs from the structure described in the above 
patent publication in that there is no risk that minute clearances are 
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scattered between the outer surface of the heat radiating member and the 
body. Moreover, even if the outer surface of the heat radiating member and 
the body are spaced apart, an excellent cooling effect can be obtained by 
achieving an effective heat transfer by means of radiation from the heat 
radiating member to the vehicle body. Particularly, in the case of a 
structure that the outer surface of the heat radiating member of the 
on- vehicle circuit unit and the surface of a side wall of the vehicle body facing 
the outer surface have a radiance equal to or above 0.70 and equal to or 
below 1.00, it is possible to achieve an good heat transfer from the heat 
radiating member to the vehicle body despite the presence of a clearance. 

From the point of view of such heat transfer, it is preferable that the 
on-vehicle circuit unit is attached to the body so that the vehicle body and 
the outer surface of the heat radiating member of the on-vehicle circuit unit 
face each other in a substantially parallel state. 

In this case, from the view point of component arranging space in the 
vehicle body, it is not efficient to unnecessarily increase the dimension of the 
clearance formed between the outer surface of the heat radiating member 
and the surface of the vehicle body (generally, the dimension of the step 
formed between a surface of the mounting part which is in contact with the 
vehicle body and an outer surface of the heat radiating member), and it is 
preferable that the actual dimension of the clearance is equal to or smaller 
than 20mm. On the other hand, by setting the minimum value of this 
clearance to equal to or larger than 3mm, occurrence of noise and impact 
caused by vehicle vibrations can be reliably avoided. 
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The entire outer surface of the heat radiating member may be spaced 
apart from the vehicle body. Instead, the heat radiating member may have 
a mounting part which is to be fixed to the vehicle body in a state that it is in 
contact with the vehicle body. In the case that an outer surface of the heat 
radiating member, except the mounting part, faces the vehicle body with a 
clearance, with the mounting part being fixed to the vehicle body, the cooling 
performance can be further improved by means heat conduction from the 
mounting part to the vehicle body. The mounting part contacts the body 
locally and is thus different from the conventional structure that the entire 
outer surface of the heat radiating member is in contact with the vehicle body. 
Accordingly, this configuration substantially eliminates the risk of scattering 
of minute clearances between the outer surface of the heat radiating member 
and the vehicle body. Even in the case of providing the mounting part on a 
part of, not on the entire periphery of the heat radiating member, the 
occurrence of noise and impacts caused by repetitive contacts of the heat 
radiating member with the body when the vehicle vibrates, can be avoided. 

The on-vehicle circuit unit may be attached to any portion of the 
vehicle body. However, the above-mentioned structure is effective in the 
case that the circuit unit is mounted inside a particularly narrow space, for 
instance, in the case that the mounting part of the on-vehicle circuit unit is 
fixed in a state that it is in contact with the inner surface of the engine room. 

In this case, if the on-vehicle circuit unit is mounted on the vehicle 
unit with the mounting part oriented to face upwardly, the mounting 
operation of the circuit unit can be easily carried out from an upper side even 



5 



inside an engine room packed with on-vehicle devices. 

Generally, a body of a vehicle comprises a side wall portion which has 
a hollow structure (two-layered structure) and a relatively low heat radiation 
performance to the exterior, and a bottom wall portion which has a high heat 
radiation performance. Accordingly, if the mounting part is fixed to the 
bottom surface of the engine room in such a state that it is in contact with 
the bottom surface, an even higher cooling performance can be obtained. 

As an actual coupling structure for fixing the mounting part to the 
vehicle body, it is preferable that a bolt insertion bore is provided in the 
mounting part and a metal bolt is inserted in the bolt insertion bore to fix the 
mounting part to the vehicle body. With such a structure, heat transfer 
from the heat radiating member to the body can be made more effectively by 
means of the metal bolt. 

According to an aspect of the present invention, the outer surface of 
the heat radiating member may face a battery provided inside the engine 
room, in place of facing the vehicle body. Since the temperature of the 
battery is considerably lower as compared to the temperature inside the 
engine room, the excellent cooling performance of the heat radiating member 
can be exerted if the heat radiating member is arranged such that its outer 
surface faces the battery. 

The on-vehicle circuit unit may be mounted on the vehicle by itself or 
may be mounted on the vehicle body with the on-vehicle circuit unit being 
incorporated in a common electric connection box together with other circuit 
components. In the latter case, the on-vehicle circuit unit may be 
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incorporated in the electric connection box in a condition that the outer 
surface of the heat radiating member of the on-vehicle circuit unit is exposed 
to the exterior. 

According to another aspect of the present invention, an on-vehicle 
circuit unit comprising a circuit board having a power circuit, and a heat 
radiating member having an inner surface to which the circuit board is fixed 
in a heat conducting state, and an outer surface functioning as a heat 
radiating member, wherein the heat radiating member has a mounting part 
which is to be fixed to a vehicle body in such a state that it is in contact with 
the vehicle body, and a step is provided between a surface of the mounting 
part that contacts the body and the outer surface of the heat radiating 
member so that the outer surface of the heat radiating member, except the 
mounting part, faces the vehicle body with a clearance, in a condition that 
the mounting part is fixed to the vehicle body. 

When the mounting part of the on-vehicle circuit unit is fixed to the 
vehicle body, a structure is achieved that the vehicle body faces the outer 
surface of the heat radiating member, except the mounting part, with a 
clearance. 

If the surface of the mounting part that is in contact with the body is 
substantially parallel with the outer surface of the heat radiating member, 
the outer surface of the heat radiating member faces the vehicle body in a 
substantially parallel state. 

Also, it is preferable that the dimension of the step formed between 
the surface of the mounting part that contacts the vehicle body and the outer 
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surface of the heat radiating member is in the range of 3mm to 20mm. 

The heat radiating member may have any actual shape. However, if 
a heat radiating member is formed of a metal plate with a mounting part 
extending with a step from an edge of the metal plate, the heat radiating 
member has a simple structure and can ensure an appropriate clearance 
between the outer surface of the heat radiating member and the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is an exploded perspective view showing a circuit unit to which 
the present invention is applied. 

Fig.2 is a sectional view of the above-mentioned circuit unit. 

Fig.3 is a perspective view of an electric connection box incorporating 
the circuit unit. 

Fig.4 is a plan view showing an engine room equipped with the 
electric connection box. 

Fig. 5 is a sectional front view showing a structure inside the engine 

room. 

Fig.6 is a sectional front view showing an exemplary engine room 
having an inner wall formed with a step. 

Fig.7 is a sectional front view showing an exemplary engine room 
comprising an inner wall having an inclined lower portion. 

Fig.8 is a sectional front view showing an exemplary engine room 
having an inner wall which is inclined in its entirety. 

Fig.9 is a front sectional view showing an exemplary engine room in 
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which a mounting part of the heat radiating plate of the circuit unit is 
dispensed with. 

Fig. 10A is a side view showing an exemplary circuit unit to be 
mounted on an upper surface of a wheel house, and Fig. 10B is a front 
sectional view showing a mounting state of the circuit unit. 

Fig. 11 is a sectional front view showing an exemplary engine room 
wherein an outer surface of a heat radiating plate of a circuit unit faces a 
battery. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF 

THE INVENTION 

The preferred embodiments of this invention are next described with 
reference to the accompanying drawings. The preferred embodiments 
described herein is of the type wherein the present invention is applied to a 
circuit unit U which comprises a power distribution circuit for distributing 
power from a common power supply to a plurality of on-vehicle devices. 
However, the present invention is not limited to this, but can also be widely 
applied to a circuit unit for forming various circuits. 

The circuit unit U shown in Fig.l and Fig.2 comprises a heat 
radiating plate (heat radiating member) 10, a casing 20 and a sheet- shaped 
circuit board 30. Board mounted elements 40 and connectors 50 and 60 are 
mounted on the circuit board 30. A cover 70 for covering the circuit board 
30 is to be installed over both connectors 50 and 60. 

i> 

The heat radiating plate 10 is formed of a metal plate such as 
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aluminum alloy, or the like having good heat conductivity. An outer surface 
(bottom surface in Fig.l and Fig.2) 11B of the heat radiating plate 10 
functions as a heat radiating surface. The casing 20 and the circuit board 
30 are adhered to an inner surface (top surface in Fig.l and Fig.2) HAof the 
heat radiating plate 10 via a common adhesive sheet 18 in an insulated 
state. 

The casing 20 is molded of an insulating material such as synthetic 
resin or the like, and in the drawing has the shape of a frame surrounding a 
periphery of the circuit board 30. 

The circuit board 30 comprises a power distribution circuit for 
distributing power from an on-vehicle power supply to a plurality of loads, 
and a control circuit for controlling on/off of this power circuit. The power 
circuit is configured of a bus bar layer 32 comprising a plurality of bus bars 
arranged on the same plane. The control circuit is assembled in a thin 
printed circuit board 34. Each bus bar 32 is adhered to a bottom surface of 
the printed circuit board 34 via an adhesive layer 36 in an insulated state. 

The present invention does not require any specific structure for the 
circuit board. For example, the circuit board may comprise a plurality of 
bus bars and insulating plates which are stacked one on the other as in a 
conventional bus bar board. 

Besides the relay switching elements as shown in the drawing, the 
board mounting elements 40 include semiconductor elements such as FETs, 
resistor elements and other electric circuit elements or the like, and are 
suitably mounted on the bus bar layer 32 and the printed circuit board 34 of 
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the circuit board 30. 

The connector 50 is adapted to input a power supply to the circuit 
board 30, and the connector 60 is adapted to output power from the circuit 
board 30 to each on-vehicle device and send and receive signals among the 
circuit board 30 and each sensor and other control units. These connectors 
50 and 60 are provided with connector terminals including board connection 
terminals 52 and 62, respectively, and a housing 54 and 64, respectively, for 
retaining these terminals. The board connection terminals 52 and 62 are 
connected to the circuit board 30 by soldering, or the like in such a state that 
they extend through the circuit board 30. 

In the drawing, through holes 18a, 18b and 18c are provided in the 
adhesive sheet 18 and denting portions 16A, 16B and 16C are formed on the 
heat radiating plate 10 in order to avoid contact between the board 
connection terminals 52 and 62 protruding from a lower surface of the circuit 
board 30 with the adhesive sheet 18 and the heat radiating plate 10. These 
denting portions 16A, 16B and 16C are formed to be depressed in a 
downward direction by pressing middle portions of the heat radiating plate 
10 and an outer surface 11B of the heat radiating plate 10 locally protrudes 
at the positions where the denting portions are formed. 

Next, a structure for mounting the circuit unit U to the vehicle body 
is described. 

A mounting part 12 extends from a specific position at an edge of the 
heat radiating plate 10. An outer surface of the mounting part 12 (bottom 
surface in Fig.l and Fig.2) functions as a contact surface 13 which is to be 
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brought into contact with a body surface S. The mounting part 12 is 
provided with a bolt insertion bore 14 which extend through the mounting 
part 12 in its thickness direction. 

Further, at a side of the casing 20, a mounting part cover 22 is formed 
which is located over the vehicle mounting part 12 of the heat radiating plate. 
The mounting part cover 22 is provided with a bolt insertion bore 24 which 
coincides with the bolt insertion bore 14. A bolt is inserted in bolt insertion 
bores 14 and 24 in such a state that the contact surface 13 is brought into 
contact with the body surface S, thereby fixing the mounting part 12 to the 
body. 

As a characteristic of the circuit unit U, a base portion of the 
mounting part 12 extends obliquely. Thus, the contact surface 13 of the 
mounting part 12 and the outer surface 11B of the heat radiating plate 10 
are substantially parallel to each other, and a step is formed between those 

surfaces 13 and 11B. 

With the circuit unit U having the above configuration, if a contact 
surface 13 of a mounting part 12 is brought into contact with the board 
surface S at a suitable position, the mounting part 12 is fixed to the vehicle 
body by means of the bolt that is inserted in the bolt insertion bores 14 and 
24 which, in turn, are formed in the mounting part 12 and the mounting part 
cover 22, respectively. For instance, in the case that the body surface S is 
flat, in the circuit unit U, the entire area of the outer surface 11B of the heat 
radiating plate, except the mounting part 12, faces the body surface S in a 
substantially parallel state, with a clearance of the dimension corresponding 
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to the elevation of the step. By reliably spacing the outer surface 11B of the 
heat radiating plate from the body surface as described above, rust caused by 
moisture accumulation can be avoided. 

The dimension of the clearance may be arbitrarily set, however, the 
minimum value (in the drawing, the dimension dl of the clearance formed 
between the body surface S and the outer surface 11B at a position where the 
denting portions 16A to 16C are formed) is preferably set to be equal or 
larger than 3mm. By securing such a clearance, it is possible to reliably 
avoid repetitive contacts of the outer surface 11B of the heat radiating plate 
(in particular, outer surface 11B at an end of a side opposite the mounting 
structure 12) with the vehicle body, which repetitive contacts are caused by 
vibrations, or the like of the vehicle, and noise and impacts caused by such 
contacts can be prevented from occurring. 

Although the outer surface 11B and the body surface S are spaced 
apart, heat transfer to the body can be effectively carried out by radiation 
from the outer surface 11B, thereby securing a high cooling effect. Here, the 
radiance of the aluminum plate or the steel plate which are the base 
materials for the vehicle body and the heat radiating plate 10 is around 0.2. 
However, if the plates are coated with paint, a radiance of around 0.7 can 
easily be achieved. Accordingly, it is preferable the outer surface 11B of the 
heat radiating plate and the body surface S facing the outer surface 11B have 
a radiance between 0.7 and 1.0. 

On the other hand, the maximum value of the dimension of the 
clearance (in the drawing, the dimension of the clearance formed between 
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the body surface S and an outer surface 11B except the positions of the 
denting portions 16A to 16C) d2 is preferably set to be equal to or smaller 
than 20mm. In this manner, the circuit unit U and the body can be 
approximated and the mounting space can thereby be reduced. 

In the case that the board surface S is not flat, for instance, in the 
case that it is curved or uneven, these undulations are anticipated and the 
elevation of the step between the outer surface 11B and the contact surface 
13 is so set that the dimension of the clearance between the body surface S 
and the outer surface 11B of the heat radiating plate is finally kept within 
the above mentioned range. 

This circuit unit U may be mounted to the vehicle body by itself, and 
may also be mounted in a state that it is incorporated in a common electric 
connection box together with other circuit boards. Such a configuration is 
shown in Fig. 3. 

The electric connection box 90 shown in the drawing comprises a 
lower case 92 and an upper case, which is not shown. The lower case 92 
incorporates the circuit unit U and other circuit boards 94. The circuit unit 
U is incorporated in the lower case such that the outer surface 11B of the 
heat radiating plate 10 is exposed to the outside from a side wall of the lower 
case 92, and the mounting part 12 and the mounting part cover 22 are 
projected laterally from the lower case 92. Besides the mounting part 12, 
mounting strips 95 and 96 are provided so as to protrude from the lower case 
92 and each of them is provided with a bolt insertion bore 95a or 96a, 
respectively. 
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Fig. 4 and Fig.5 show an example of an engine room 100 which is 
provided under a bonnet 104 and in which the electric connection box 90 is 
mounted. The engine room 100 includes a radiator fan 105 installed at its 
front portion, an engine 106 installed at its central portion, and an air 
cleaner 107 and a battery 108 installed at a side of the engine 106. The 
electric connection box 90 is longitudinally installed in a narrow space 
existing between the battery 108 and an inner wall of the engine room. 

Specifically, a reinforcement 102 extends back and forth at the right 
and left lateral portions of the engine room 100. The mounting strip 96 of 
the lower case 90 is fixed to a bottom wall 102a of the engine room formed by 
the reinforcement 102, by means of a metal bolt 104 inserted in the bolt 
insertion bore 96a which is provided in the mounting strip 96. The 
mounting part 12 of the circuit unit U and the mounting strip 95 of the lower 
case 90 are fixed to an inner wall (side wall) 102b of the engine room formed 
by the reinforcement 102, by means of a metal bolt 104 inserted in the bolt 
insertion bores 14, 95a. Specifically, the bottom wall 102a and inner wall 
102b of the engine room are provided at suitable positions with bolt insertion 
bores and a nut 103 is fixed to a back side of the bolt insertion bores by 
welding or the like. The metal bolts 104 inserted into the bolt insertion 
holes 14 and 95a are screwed into the nut 103 thereby fixing each mounting 
strip 95 or 96 to the bottom wall 102a and inner wall 102b of the engine room, 
respectively. 

In such a structure, the outer surface 11B of the heat radiating plate 
faces the inner wall 102b of the engine room with a substantially constant 



15 



clearance, and the heat of the heat radiating plate 10 is effectively 
transferred to the reinforcement 102 not only by radiation but also by heat 
conduction through the contact surface 13 and the metal bolt 104. Also, the 
mounting part 12 is mounted to the inner wall 12 in a state that it is oriented 
upward, thereby facilitating a mounting operation which is carried out from 
an upper side of the engine room 100. 

As shown in Fig.6, a shoulder 10 may be formed on the inner wall 
102b of the engine room, in place of providing a step between the contact 
surface 13 of the mounting part 12 and the outer surface 11B of the heat 
radiating plate 10. Accordingly, even if a step is formed between a position 
where the mounting part 12 is fixed, and its lower position, the outer surface 
11B of the heat radiating plate and the inner wall 102b of the engine room 
can be arranged to face each other with a clearance having a dimension 
corresponding to the elevation of the step. 

The present invention is not limited to the case where the entire area 
of the outer surface 11B of the heat radiating plate, except the mounting part 
12, is substantially parallel with the inner wall 102b of the engine room. 
Instead, for instance, as shown in Fig.7 and Fig.8, an inclined surface 102d 
which is inclined with respect to the outer surface 11B, may be formed at the 
position of the engine room inner wall 102b that faces a lower portion of the 
outer surface 11B of the heat radiating plane, or at a position facing the 
entire outer surface 11B of the heat radiating plate. 

The mounting part 12 may also be omitted and the entire outer 
surface 11B of the heat radiating plate may face the inner wall of the engine 
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room 102b, as shown in Fig.9. In this case, heat conductivity from the heat 
radiating plate 10 towards the engine room inner wall 102b does not occur, 
however, the heat radiating member 10 can be cooled by heat transfer due to 

heat conductivity. 

In the present invention, the position facing the outer surface 11B of 
the heat radiating plate or the position at which the mounting part 12 is 
fixed is not limited to the above-described engine room inner wall 102b. 
The mounting part 12 may be brought into contact with and fixed to the 
bottom surface of the engine room 100, for instance an upper surface of the 
wheel house 120 as shown in Fig. 10, so that the outer surface 11B of the heat 
radiating plate may face the upper surface of the wheel house 120. 

Generally, a side wall of the vehicle body (for instance, a fender 
surrounding the engine room from the right and left sides) has a hollow 
double-layered structure which in most cases has relatively low heat 
radiation performance to the outside. Contrary to this, a bottom wall of the 
vehicle body including the wheel house 120 is formed of a single metal plate 
which in most cases has relatively high heat radiation performance. Thus, 
an excellent cooling performance can be effectively achieved by making the 
outer surface 11B of the heat radiating plate face the bottom surface of the 
vehicle body. 

In this case also, a mounting part extending from the case of the 
electric connection box 90 incorporating the circuit unit U and this mounting 
part may be fixed to the wheel house 120 and the engine room side wall, etc. 

Also, it is effective when the circuit unit U is arranged so that the 
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outer surface 11B of the heat radiating plate faces the battery 108 installed 
inside the engine room 100, as shown in Fig. 11, in place of facing the engine 
room inner wall 102b and the wheel house 120. Generally, the battery 108 
contains a decomposition liquid and a surface thereof is so configured that a 
low temperature can be maintained despite a rise in the temperature inside 
the engine room. Accordingly, by arranging the outer surface 11B of the 
heat radiating plate 10 so as to face the surface of the battery 108, its 
excellent cooling performance can be attained. 

The heat radiating member according to the present invention is not 
limited to a plate such as the heat radiating plate 10, and a block-like 
configuration, for instance, may also be employed. However, if the heat 
radiating member is formed of a metal plate like as the heat radiating plate 
10 shown in the drawing, with the mounting part 12 being extended from an 
edge of the metal plate by a step, it is possible to build a heat radiating 
member having a simple structure and high heat radiation performance. 

INDUSTRIAL APPLICABILITY 

The above-described invention effectively reduces minute clearances 
generated between an on-vehicle circuit unit, a heat radiating member and a 
vehicle body while avoiding the occurrence of impact and noise caused by the 
vibration of a vehicle and is advantageous in that it realizes effective heat 
transfer by means of radiation from the heat radiating member to the vehicle 
body, thereby achieving excellent cooling effects. 
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